"m Check for updates

CHetX|2f2H 2. 2k5 2| 47(4) : 221-234, 2020

Korean Journal of Dental Materials (Korean J Dent Mater
ISSN:2384-4434 (Print); 2384-3268 (Online)

Available online at http://www.kadm.org
http://dx.doi.org/10.14815/kjdm.2020.47.4.221

Effect of sintering condition and aging on hardness and
optical properties of monolithic zirconia

Moon-Chun Kong, Mi-Gyoung Park’
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The purpose of this study was to examine the effect of hardness and optical properties of dental zirconia in accordance
to sintering condition and aging. 10.0 mmx 10,0 mmX1.5 mm zirconia specimens were prepared using Luxen Enamel E2,
According to aging, zirconia specimens were sintered under fifteen different conditions. Specimens were divided into six subgroup
and sintered with various durations (4 h, 5 h, 6 h, 7 h, and 12 h) at the various maximum temperature (1,500C, 1,530C,
and 1,560T). The hardness was measured four times per specimen using a Micro Vickers hardness tester, CIE L*, a‘, b values
of each specimen were measured using a spectrophotometer and the TP values were calculated for translucency comparison.
In the specimen with aging, there was a difference in hardness according to the sintering temperature, but there was no difference
in hardness according to the sintering time. In the specimen with aging, as sintering temperature increased, CIE L, a, b values
decreased, resulting in a decrease in brightness and tendency of green and blue trends. In the specimen with aging, there
was no change in L value with decreasing sintering time and as sintering time decreased, CIE a, b values decreased, resulting
in tendency of green and blue. In the specimen with aging, even if the sintering time decreases from 12 hours to 5 hours,

there was no reduce in TP values,
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Table 1. Chemical composition of zirconia
Composition Content (wt%)
ZrOQ(HfOQ) > 90
Y203 8
Other oxides < 01
Table 2, Sintering schedule for 1,500C
Heating rate (‘c/min) . o
Sintering time Hold time Cooling time
0-900°c 900-1,500c
12 h 10 17 2 h 2h3 m
7h 10 10 2 h 2h3 m
6 h 18 15 2 h 2h3 m
5h 50 2 h 2h 30 m
4 h 50 2 h 1Th30m
Table 3, Sintering schedule for 1,530C
Heating rate (‘c/min) . o
Sintering time Hold time Cooling time
0-900°c 900-1,530c
12 h 10 18 2 h 2h3 m
7h 10 105 2 h 2h3 m
6 h 18 158 2 h 2h3 m
5h 51 2 h 2h30m
4 h 51 2 h 1h30m
Table 4, Sintering schedule for 1,560T
Heating rate (‘c/min) o
Sintering time Hold time Cooling time
0-900c 900-1,560C
12 h 10 18 2 h 2h3 m
7h 10 11 2 h 2h3 m
6 h 18 16.5 2 h 2h 30 m
5h 52 2 h 2h 30 m
4 h 52 2 h 1h30m
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Table 5. Mean hardness and standard deviation of non-treated zirconia specimens sintered using different sintering

temperature and sintering time as analyzed by two-way ANOVA

Temperature/°c Mean + SD
Time/h 1,500 1,530° 1,560°
128 1,506.,00 = 10937 1,444 42 + 7878 1,42258 = 11782
4 1,492.00 = 10697 1,514 67 = 138,78 1,48842 = 17295
6" 1,48042 + 137.31 1,61717 = 13790 1,632.33 = 14181
st 148975 + 103,74 146808 + 157.76 151417 + 15846
Vi 146217 + 14825 142867 + 133.64 147833 + 101.00
P value a » 005 £ ) 005

* Superscript letters for each column and row indicate

a: Sintering temperature, S: Sintering time

mean values that are significantly different between groups (p(0.05).

Table 6, Mean hardness and standard deviation of aging zirconia specimens sintered using different sintering temperature

and sintering time as analyzed by two-way ANOVA

Temperature/c Mean + SD
Time/h 1,500° 1,530° 1,560
124 1,47800 + 5143 1,61267 + 13055 152850 + 14999
7 141592 + 7337 1,54833 + 12315 1,47883 + 86.45
6" 1,42517 + 92,08 1,49392 + 10379 154233 + 14972
5" 1,46317 + 9379 151442 + 7259 153817 + 10394
4 1,498 50 + 7881 1,496.75 + 100,67 151208 + 13166
P value a (0001 8 ) 005

* Superscript letters for each column and row indicate mean values that are significantly different between groups(p{0.05).

a: Sintering temperature, S: Sintering time

Table 7, Means and standard deviations of non-treated and aging zirconia specimens sintered using different sintering

temperature as analyzed by t-test

Mean = SD
Temperature/c P value
Non-aging Aging
1,500 1,486.07 + 11915 1,456.15 + 8273 > 0.05
1,530 14746 + 13259 1,561322 + 106.15 » 0.05
1,560 1,48717 + 14115 1,51998 + 12472 » 0.05
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Table 8, Color coordinates (CIE L) of non-treated zirconia specimens sintered using different sintering temperature

and sintering time by two-way ANOVA

Temperature/c Mean + SD
Time/h 1,500° 1,530 1,560°
12" 7074 + 017 7120 + 025 7110 = 024
78° 7074 + 017 7105 + 018 69.95 + 0.89
B6A° 7071 + 011 7093 + 016 7056 + 004
5" 7061 + 041 7116 + 015 7100 + 015
4° 7077 + 015 7020 + 025 7029 + 056
P value @ (0001 B8 <0001

* Superscript letters for each column and row indicate mean values that are significantly different between groups (p¢0.05).
a: Sintering temperature, S: Sintering time

Table 9. Color coordinates (CIE a) of non-treated zirconia specimens sintered using different sintering temperature

and sintering time by two-way ANOVA

Temperature/c Mean + SD
Time/h 1,500 1,530 1,560°
12" -1.06 + 025 112 + 003 -132 + 001
7B° 106 + 025 131 + 006 144 + 003
6B° 106 + 002 -130 + 0.10 145 + 006
5° 102 + 004 126 + 003 141 + 008
4° 115 + 008 128 + 003 143 + 006
P value a ¢ 0001 B8 < 0.001

* Superscript letters for each column and row indicate mean values that are significantly different between groups (p<0.05).
a: Sintering temperature, £: Sintering time

Table 10, Color coordinates (CIE b*) of non-treated zirconia specimens sintered using different sintering temperature

and sintering time by two-way ANOVA

Temperature/c Mean + SD
Time/h 1,500 1,530° 1,560°
12" 784 + 012 7.30 + 020 6.72 + 034
I 784 + 012 724 + 017 6.89 + 064
6" 790 + 002 7.32 + 006 6.49 + 019
5" 856 + 0,13 6.88 + 010 641 + 014
4h 7.80 + 012 7.33 + 005 6.87 + 047
P value a (001 B ) 05

* Superscript letters for each column and row indicate mean values that are significantly different between groups (p{0.05).
a: Sintering temperature, B: Sintering time
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Table 11, Color coordinates (CIE L) of aging zirconia specimens sintered using different sintering temperature and

sintering time by two-way ANOVA

Temperature/c Mean = SD
Time/h 1,500° 1,530 1,560°
12" 7077 + 041 7099 + 039 69.14 + 059
I 7071 + 067 7065 + 031 69.47 + 0,07
6° 7057 + 019 69.84 + 092 6871 + 053
5" 7064 + 005 7067 + 061 7012 + 021
4h 7025 + 056 7050 + 027 69.83 + 052
P value a (0001, B < 0,001

* Superscript letters for each column and row indicate mean values that are significantly different between groups (p¢0.05).
a: Sintering temperature, B: Sintering time

Table 12, Color coordinates (CIE a) of aging zirconia specimens sintered using different sintering temperature and

sintering time by two-way ANOVA

Temperature/c Mean + SD
Time/h 1,500° 1,530° 1,560°
12" -1.05 + 009 124 + 002 140 + 004
78 -1.05 + 000 -123 + 007 145 + 002
6° 107 + 003 125 + 004 -152 + 001
5° 107 + 004 -133 + 007 145 + 005
48 -1.07 + 001 119 + 002 -150 + 001
P value @ (0001, B ¢ 0001

* Superscript letters for each column and row indicate mean values that are significantly different between groups (p<0.05).
a: Sintering temperature, £: Sintering time

Table 13, Color coordinates (CIE b) of aging zirconia specimens sintered using different sintering temperature and

sintering time by two-way ANOVA

Temperature/c Mean + SD
Time/h 1,500 1,530 1,560°
12" 839 + 027 740 + 029 699 + 018
78 810 + 059 735 + 018 707 + 012
6" 787 £ 042 760 + 024 675 + 007
5° 796 + 028 718 + 027 6.83 + 021
4° 8.04 + 041 713 + 013 6.89 + 0.19
P value @ (0001, B ¢ 0,001

* Superscript letters for each column and row indicate mean values that are significantly different between groups (p0.05).
a: Sintering temperature, £: Sintering time
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Table 14, Color coordinates (CIE Lab) of non-treated and aging zirconia specimens sintered using different sintering

temperature as analyzed by t-test

Temperature/c Mean = SD P value
Non-aging Aging

L 7072 + 0283 7059 + 046 ) 005

1500 a -1.07 =+ 0.06 -1.07 = 0,05 > 0.05
b 799 + 031 807 + 044 » 005

L 7091 £ 042 7054 + 066 ( 0.001

1530 a -126 = 0.09 -1256 + 0,06 » 0.05
b 722 £ 021 733 + 028 ( 0,01

L 7058 £ 0.64 69.46 + 0.66 { 0.001

1560 a -1.41 +£ 007 -1.46 = 0,05 { 0.001
b 6.67 £ 043 6.89 £ 019 ( 0,01

Table 15, 4E value of non-treated and aging zirconia specimens sintered using different sintering temperature and

sintering time

Temperature/c Time/h 4E
12 0.55

7 0.26

1,500 6 014

5 0.60

4 058

12 0.26

7 042

1,530 6 113

5 058

4 0.37

12 1.98

7 0.51

1,560 6 1.87

5 0,98

4 047

Z7FFATH(p(0.001, p0.01). 1,530°C oA ALz} A dstAgo] whE A 2syol Al | 5 ke A}

Al a FHe gk o)z VEREA F9TKpy0.05). 1,560C (4E*)= Table 159] YeR} ot Az} 783 2ke 288
oA ALedstAg A L, a g 7HAsFIL(p(0.001), b 1500C oA 6A17F 223 IE(AE: 0.14)0]3L, A7} 7}
Fo Z7babItHp(0.01). B & 2FL 1560C A 1247F 228 TE(4E: 1.98)0]
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Table 16, TP of non-treated zirconia specimens sintered using different sintering temperature and sintering time

by two-way ANOVA

Temperature/c Mean + SD
Time/h 1,500° 1,530° 1,560°
128 8.07 + 066 781 + 018 844 + 006
7 764 + 009 778 + 028 878 + 041
6" 752 + 017 7.83 + 010 862 + 006
5" 739 + 016 798 + 088 871 + 023
4t 767 + 027 811 + 022 852 + 031
P value a (0001, B €005

* Superscript letters for each column and row indicate mean values that are significantly different between groups (p¢0.05).

a: Sintering temperature, S: Sintering time

Table 17, TP of aging zirconia specimens sintered using different sintering temperature and sintering time by two-way

ANOVA
Temperature/c Mean + SD

Time/h 1,500° 1,530° 1,560°
1218 799 + 037 791 + 006 7.02 + 086
78 781 + 008 762 + 015 767 + 025
6" 785 + 042 764 + 011 770 + 048
5% 780 + 005 792 + 025 6.46 + 036
4° 761 = 022 755 + 012 6.41 + 055

P value @ (0001, B ¢ 0,001

* Superscript letters for each column and row indicate mean values that are significantly different between groups (p<0.05).

a: Sintering temperature, S: Sintering time
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